Optimal overcurrent relay coordination in wind farm using genetic algorithm by Razaei, Nima
 
 
UNIVERSITI PUTRA MALAYSIA 
 
OPTIMAL OVERCURRENT RELAY COORDINATION IN WIND FARM 
USING GENETIC ALGORITHM 
 
 
 
 
 
 
 
 
 
 
NIMA REZAEI 
 
 
 
 
 
 
 
 
 
 
 
 
FK 2015 120 
i 
 
 
 
 
OPTIMAL OVERCURRENT RELAY COORDINATION IN WIND FARM 
USING GENETIC ALGORITHM 
 
 
 
 
 
 
 
 
 
 
 
By 
 
 
NIMA REZAEI 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 
Fulfillment of the Requirements for the Degree of Master of Science  
 
 
December 2015 
 
 
 
 
 
ii 
 
COPYRIGHT 
 
 
All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artwork, is copyright material of Universiti Putra Malaysia 
unless otherwise stated. Use may be made of any material contained within the thesis 
for non-commercial purposes from the copyright holder. Commercial use of material 
may only be made with the express, prior written permission of Universiti Putra 
Malaysia. 
 
 
Copyright © Universiti Putra Malaysia.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
DEDICATION 
 
 
I would like to dedicate this project to my lovely wife, beloved parents, all my 
supervisors and lecturers in the Department of Electrical and Electronic Engineering 
and friends. Their guidance and relentless support have been a great inspiration to the 
realization of this project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
i 
 
Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 
the requirement for the Degree of Master of Science 
 
 
 OPTIMAL OVERCURRENT RELAY COORDINATION IN WIND FARM 
USING GENETIC ALGORITHM 
 
By 
 
NIMA REZAEI 
 
December 2015 
 
 
Chair     :     Mohammad Lutfi Othman, PhD, PEng 
Faculty  :     Engineering 
 
 
Wind farms are ones of the most indispensable types of sustainable energies which are 
progressively engaged in smart grids with tenacity of electrical power generation 
predominantly as a distribution generation system. Thus, rigorous protection of wind 
power plants is an immensely momentous aspect in electrical power protection 
engineering which must be contemplated thoroughly during designing the wind plants 
to afford a proper protection for power components in case of fault occurrence. The 
most commodious protection apparatus are overcurrent relays (OCRs) which are 
responsible for protecting power systems from impending faults. In order to employ a 
prosperous and proper protection for wind farms, these relays must be set precisely and 
well-coordinated with each other to clear the faults at the system in the shortest 
possible time. These relays are set and coordinated with each other by applying IEEE 
or IEC standards methods, however, their operation times are relatively long and the 
coordination between these relays are not optimal. The other common problem in these 
power systems is when a fault occurs in a plant, several OCRs operate instead of a 
designated relay to that particular fault location. This, if undesirable can result in 
unnecessary power loss and disconnection of healthy feeders out of the plant which is 
extremely dire. It is necessary to address the problems related inefficient coordination 
of OCRs. Many suggestions have been made and approaches implemented, however 
one of the most prominent methods is the use of Genetic Algorithm (GA) to improve 
the function and coordination of OCRs. GA optimization technique was implemented 
in this project due to its ample advantages over other AI techniques including proving 
high accuracy, fast response and most importantly obtaining optimal solutions for 
nonlinear characteristics of OCRs. In addressing the mentioned problems, the main 
objective of this research is to improve the protection of wind farms by optimizing the 
relay settings, reducing their operation time, Time Setting Multiplier (TSM) of each 
relay, improving the coordination between relays after implementation of IEC 60255-
151:2009 standard. The most recent and successful OF for GA technique has been 
used, unique parameters for GA was selected for this research to significantly improve 
the protection for wind farms that is highly better compared to any research 
accomplished before for the purpose of wind farm protection. GA was used to obtain 
improved values for each relay settings based on their coordination criteria. Each relay 
operation time and TSM are optimized which would contribute to provide a better 
protection for wind farm. Thus, the objective of this work which is improving the 
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protection of wind farms by optimizing the relay settings, reducing their operation 
time, Time Setting Multiplier (TSM) of each relay, improving the coordination 
between relays, have been successfully fulfilled and solved the problems associated 
with wind farm relay protection system settings. The new approach has shown 
significant improvement in operation of OCRs at the wind farm, have drastically 
reduced the accumulative operation time of the relays by 26.8735% (3.7623 seconds).  
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ladang angin adalah orang-orang satu jenis yang paling penting dalam tenaga mampan 
yang progresif terlibat dalam grid pintar dengan ketabahan penjanaan kuasa elektrik 
terutamanya sebagai sistem penjanaan pengedaran. Oleh itu, perlindungan yang ketat 
loji kuasa angin adalah satu aspek yang amat bersejarah dalam kejuruteraan 
perlindungan kuasa elektrik yang perlu dipertimbangkan dengan teliti semasa mereka 
bentuk tumbuh-tumbuhan angin untuk memberi perlindungan yang sesuai untuk 
komponen kuasa dalam kes kesalahan kejadian. Radas perlindungan paling lapang 
adalah geganti arus lebih (OCRs) yang bertanggungjawab untuk melindungi sistem 
kuasa dari kesalahan akan berlaku. Dalam usaha untuk mengambil perlindungan yang 
makmur dan wajar bagi ladang-ladang angin, relay ini mesti ditetapkan dengan tepat 
dan diselaraskan dengan baik antara satu sama lain untuk membersihkan kerosakan 
pada sistem ini dalam masa yang sesingkat mungkin. Ini geganti ditetapkan dan 
diselaraskan antara satu sama lain dengan menggunakan IEEE atau IEC standard 
kaedah, bagaimanapun, masa operasi mereka adalah agak panjang dan penyelarasan di 
antara geganti ini tidak optimum. Masalah biasa lain dalam sistem kuasa adalah apabila 
berlaku kesalahan dalam tumbuhan, beberapa OCRs beroperasi bukannya relay yang 
ditetapkan untuk bahawa lokasi kesalahan tertentu. Ini, jika tidak diingini boleh 
menyebabkan kehilangan kuasa yang tidak perlu dan pemotongan pemakan sihat 
daripada tumbuhan yang amat mengerikan. Ia adalah perlu untuk menangani masalah 
berkaitan penyelarasan yang tidak cekap OCRs. Banyak cadangan telah dibuat dan 
pendekatan yang dilaksanakan, namun salah satu kaedah yang paling menonjol ialah 
penggunaan algoritma genetik (GA) untuk meningkatkan fungsi dan penyelarasan 
OCRs. teknik pengoptimuman GA dilaksanakan dalam projek ini kerana kelebihan 
yang cukup ke atas teknik AI lain yang termasuk membuktikan ketepatan yang tinggi, 
tindak balas yang cepat dan yang paling penting mendapatkan penyelesaian optimum 
untuk ciri-ciri tak linear OCRs. Dalam menangani masalah yang dinyatakan, objektif 
utama kajian ini adalah untuk meningkatkan perlindungan ladang angin dengan 
mengoptimumkan tetapan geganti, mengurangkan masa operasi mereka, Masa 
Menetapkan Multiplier (TSM) setiap relay, meningkatkan penyelarasan di antara 
geganti selepas pelaksanaan IEC 60255-151: standard 2009. Yang baru-baru ini dan 
berjaya OF untuk teknik GA telah digunakan, parameter unik untuk GA telah dipilih 
untuk kajian ini dalam meningkatkan perlindungan untuk ladang angin yang sangat 
lebih baik berbanding dengan apa-apa penyelidikan dicapai sebelum ini untuk tujuan 
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perlindungan ladang angin. GA telah digunakan untuk mendapatkan nilai yang lebih 
baik untuk setiap tetapan geganti berdasarkan kriteria penyelarasan mereka. Setiap kali 
operasi relay dan TSM dioptimumkan yang akan menyumbang untuk memberi 
perlindungan yang lebih baik untuk ladang angin. Oleh itu, objektif kajian ini yang 
meningkatkan perlindungan ladang angin dengan mengoptimumkan tetapan geganti, 
mengurangkan masa operasi mereka, Masa Menetapkan Multiplier (TSM) setiap relay, 
meningkatkan penyelarasan di antara geganti, telah berjaya memenuhi dan 
menyelesaikan masalah berkaitan dengan tetapan sistem perlindungan relay ladang 
angin. Pendekatan baru telah menunjukkan peningkatan yang ketara dalam operasi 
OCRs di ladang angin, telah secara drastik mengurangkan masa operasi terkumpul 
geganti oleh 26,8735% (3,7623 saat). 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background  
 
Human Activity and exhaustion of fossil fuels as the conventional method of power 
generation has overloaded our atmosphere with vast emission of carbon dioxide and 
consequently resulted in global warming, harmful impact on our environment and 
health. Thus a new supply for power generation that has no adverse effect on the 
atmosphere and our health must be employed. Renewable energies including wind 
power, solar energy, hydro power and geothermal energy have shown significant 
promise as a suitable replacement for fossil fuels. It is expected that in the upcoming 
future, a large share of power generation is directly derived from renewable energies 
(particularly wind, solar and hydro power) hence, reliance on fossil fuels will be 
drastically diminished. 
 
 
1.1.1 Wind Power Plants 
 
Due to the rapid growth in power demands, the ever increasing air pollution rate in 
addition to the decrease of unrenewable fossil fuels, there is an imminent necessity to 
transfer, at least partially, the dependence on fossil fuels to renewable energy resources. 
Among these resources, wind energy converted to electric energy has emerged as the 
leader at the present time (Dincer, 2000). Wind power plants have been vastly 
employed as the means of power generation in smart grids as a distribution generation 
(DG) systems (Mohd et al., 2008). Undoubtedly, wind power has come to be mainstay 
of the energy systems in several countries and is regarded as a reliable and financially 
reasonable source of electricity. The contribution of wind energy to power generation 
has reached a considerable share even on the worldwide level. Among many countries 
that are investing hugely on wind power generation, the top 10 leading nations in total 
power generation capacity are: China, USA, Germany, Spain, India, United Kingdom, 
Italy, France, Canada and Portugal (Heier, 2014). 
 
 
The future of wind farms are very remarkable and astonishing since their costs are 
being dropped annually due to applauding advancement in wind turbine efficient power 
generation and using lighter and longer blades. Therefore they will attain a much higher 
share of power generation in many countries in the near future which would buoyantly 
result in gradual replacement for conventional air pollutant power plants based on fossil 
fuels including coal, gas and oil which are highly destructive and disparaging toward 
the environment (Chu et al., 2012). 
 
 
1.1.2 Why Wind Farms? (Wind Power Plants Advantages) 
 
Wind energy offers many advantages, which explains why it's the fastest-growing 
energy source in the world. Nowadays wind farms are being extensively implemented 
by many developing countries due to its ample advantages and financial aspects. Here 
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are the most significant advantages of wind farms stated as the following (Panwar et 
al., 2011): 
 
i. Wind Energy is an inexhaustible source of energy and is virtually a limitless 
resource 
ii. Electricity created using wind energy do not produce any greenhouse gases 
and therefore do not pollute the environment 
iii. Wind turbines take up less space than the average power station. Wind 
turbines only have to occupy a few square meters for the base, this allows the 
land around the turbine to be used for many purposes, for example agriculture 
iv. This source of energy has tremendous potential to generate energy on large 
scale 
v. Wind energy can be used directly as mechanical energy 
vi. Marginal maintenance and less construction cost required 
vii. The cost of wind farms are getting diminished gradually as a result of new 
technologies and advancement emerged 
viii. Capable of getting connected to smart grids as a DG system 
ix. Able to produce abundant power energy in GW capacity 
x. In remote areas, wind turbines can be used as great resource to generate 
energy and also reduce costs due to elimination of transmission lines and 
power energy loss reduction 
xi. In combination with solar energy they can be used to provide reliable as well 
as steady supply of electricity 
xii. Land around wind turbines can be used for other uses, e.g. farming 
 
 
1.1.3 Wind Power Plants Protection Issues 
 
The impressive growth in the utilization of wind energy has consequently spawned 
active research activities in a wide variety of technical fields. Progressively 
amplification of grids by wind farms have led to emergence of some significant 
electrical issues including security, protection, stability, reliability and power quality. 
Among these issues, protection aspect plays an enormous role which needs a serious 
attention by researchers. Although protection of wind farms is a crucial issue that needs 
a huge attention, wind power plants still implement simple protection schemes which 
lead to different levels of damages to power components in the plant. Moreover, most 
of the researches conducted regarding wind farm protection have been abundantly 
restricted to literatures and methodologies (Kawady et al., 2008). As reported by 
(Bauscke et al., 2006), different levels of damage were recorded resulting occasionally 
from the drawbacks of the associated protection systems. However an overall 
protection scheme has yet to come to solve the protection crisis in wind plants (Qureshi 
et al., 2014). 
 
 
1.2 Hypothesis of Research 
 
Employing Overcurrent Relays (OCRs) as the proper protection system to provide a 
suitable protection for wind farms. Adapting the correct settings for OCRs based on 
IEC 60255-151:2009 standard, provide a proper coordination between the relays in the 
wind farms to protect apparatus in the presence of fault (Bajánek et al., 2015), (Almas 
et al., 2012). Implementing Genetic Algorithm (GA) approach as a vigorous and 
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successful method of optimization in order to decrease TSM, operation time of OCRs, 
consequently optimizing OCRs settings and reaching optimal setting values for OCRs 
in the wind farm. 
 
 
1.3 Problems in Wind Farms Protection (The Problem Statements) 
 
As aforementioned, the increasing integration of wind power plants to power grids and 
their vast utilization have led to emergence of some electrical issues related to security, 
protection, stability, reliability and power quality. Increase in number of faults in power 
systems and consequently wind plant protection failures have caused further damages 
to power systems and accordingly hiked the costs (Kawady et al., 2009), (Yang et al., 
2010). The main wind farm protection problems are:  
 
 Improper and non-optimal conventional settings for overcurrent relays in wind 
farms. The coordination settings between these relays are not optimal 
(Kawady et al., 2010) which consequently would result in: 
1. Miscoordination in high current faults, cause crucial damages to power 
apparatus 
2. Operation of Several relays, causing extended power loss, compromised 
power quality and stability 
 OCR operation times are quite long that damage power apparatus, installation 
and endanger personnel safety. 
 
These problems are resulted from lack of optimization such as failing to implement 
optimization techniques including GA technique in order to improve and optimize 
OCR settings. There are much rooms for improvement of wind plants by using 
optimization techniques in order to reduce the operation time of relays and enhance the 
relay coordination. 
 
 
1.4 Objectives of Research 
 
In addressing the above mentioned problems, the main objectives of this research is: 
 Improving the protection of wind farms by enhancing the coordination 
between relays, by way of optimizing the relay settings according to IEC 
60255-151:2009 standard through the optimization of TSM and subsequently 
the operation time of each relay. 
 Implementing GA, as a powerful optimization branch of artificial intelligence 
approach, to obtain improved values for each relay settings based on their 
coordination criteria. Each relay operation time and TSM are optimized by 
using GA method which would consequently contribute to provide a better 
protection for wind farms. 
 
 
1.5 Scopes of Research 
 
In this study, only protection of power apparatus within the wind farm has been studied 
and has not discussed the protection outside the wind farm, including power grids. This 
study has discussed modelling and simulation of wind farm based on SEL, modelling 
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and simulation of overcurrent relays based on IEC 60255-151:2009 standard in 
Matlab/Simulink software. Moreover, Genetic Algorithm simulation and coding with 
the purpose of overcurrent relay coordination was carried out in Matlab/Toolbox.  
 
 
1.6 Thesis Layout 
 
Chapter 1, the current (Introduction), provides an insight on the necessity and 
importance of providing a proper protection for wind farms by using OCRs and 
improving their settings, coordination between relays in a feeder from grid to the wind 
turbines, decreasing T and TSM for each relay by applying GA technique in order to 
optimize the relays settings. 
 
 
Chapter 2 (Literature Review) discusses reviews on different artificial intelligence 
techniques which have been successfully implemented for OCRs in different schemes 
including in distribution systems, power plants, transmission lines and etc. This chapter 
also provides a review on GA technique applied by researchers in order to optimize 
OCRs settings and coordination between them which is so crucial in protection of 
power components. 
 
 
Chapter 3 (Methodology and Procedures) discusses the elaborate steps in achieving the 
research objectives that is to optimize the OCRs settings T and TSM of each relay, 
improving their coordination by using GA approach. In this chapter, various steps are 
demonstrated including modelling and simulation of wind farms, modelling and 
simulation of OCRs, selecting the proper settings for each relay based on the data 
calculated by wind farms simulation and IEC 60255-151:2009 standard, Selecting the 
proper objective function for GA technique, using GA Toolbox from Matlab/Simulink 
software in order to define, program and set the characteristic of the algorithm for the 
relays in a feeder and finally use these GA settings in order to optimize the relays 
settings. 
 
 
Chapter 4 (Results and Discussions) presents the results and explanations on subjects 
discussed in chapter 3: Modelling and simulation of a typical wind power plant using 
Matlab/Simulink software, designating the proper location of OCRs protection systems 
in order to protect the power components from faults, modelling and simulation of 
OCRs based on IEC 60255-151:2009 standard with Matlab/Simulink software, 
extracting the data from current magnitudes flowing to each OCR before, during and 
after fault occurrence, selecting the suitable OCRs settings based on IEC 60255 
standard for each relay and considering the coordination of the relays with each other, 
testing and validating the designed OCRs protection system in order to ensure its 
reliability to provide the wind farms with proper protection, selecting the appropriate 
objective function for Genetic Algorithm technique, using Genetic Algorithm Toolbox 
from Matlab/Simulink software in order to define, program and set the characteristic of 
the algorithm for the relays in a feeder, optimizing the OCRs settings including T and 
TSM of each relay by the programmed Genetic Algorithm and improve the protection 
for the wind farm, testing the new approach and validating the OCRs settings and their 
coordination from the grid to the wind source in each feeder for variant positions of 
faults, compare the results of the conventional approach for OCRs coordination with 
 5 
 
results obtained by applying Genetic Algorithm technique used for optimizing the 
OCRs settings. 
 
 
Chapter 5 (Conclusion) shall derive the conclusion on the research work, discuss the 
research contributions and recommend some potential future researches. 
  
 67 
 
REFERENCES 
\ 
 
Abyane, H. A., Faez, K., & Karegar, H. K. (1997, December). A new method for 
overcurrent relay (O/C) using neural network and fuzzy logic. In TENCON'97. 
IEEE Region 10 Annual Conference. Speech and Image Technologies for 
Computing and Telecommunications., Proceedings of IEEE (Vol. 1, pp. 407-410). 
IEEE. 
Abyaneh, H. A., Al-Dabbagh, M., Karegar, H. K., Sadeghi, S. H. H., & Khan, R. J. (2003). 
A new optimal approach for coordination of overcurrent relays in interconnected 
power systems. Power Delivery, IEEE Transactions on, 18(2), 430-435. 
Abyaneh, H. A., Kamangar, S. S. H., Razavi, F., & Chabanloo, R. M. (2008, September). A 
new genetic algorithm method for optimal coordination of overcurrent relays in a 
mixed protection scheme with distance relays. In Universities Power Engineering 
Conference, 2008. UPEC 2008. 43rd International (pp. 1-5). IEEE. 
Abyaneh, H. A., Razavi, F., Al-Dabbagh, M., Sedeghi, H., & Kazemikargar, H. (2007). A 
comprehensive method for break points finding based on expert system for 
protection coordination in power systems. Electric power systems research,77(5), 
660-672. 
Alander, J. T., Mantere, T., Moghadampour, G., & Matila, J. (1998). Searching protection 
relay response time extremes using genetic algorithm—software quality by 
optimization. Electric Power Systems Research, 46(3), 229-233. 
Almas, M. S., Leelaruji, R., & Vanfretti, L. (2012, October). Over-current relay model 
implementation for real time simulation & Hardware-in-the-Loop (HIL) validation. 
In IECON 2012-38th Annual Conference on IEEE Industrial Electronics Society 
(pp. 4789-4796). IEEE. 
Amraee, T. (2012). Coordination of Directional Overcurrent Relays Using Seeker 
Algorithm. Power Delivery, IEEE Transactions on, 27(3), 1415-1422. 
Asadi, M. R., Askarian Abyaneh, H., Mahmoodan, M., Naghizadeh, R. A., & Koochaki, A. 
(2008, May). Optimal Overcurrent relays coordination using genetic algorithm. In 
Optimization of Electrical and Electronic Equipment, 2008. OPTIM 2008. 11th 
International Conference on (pp. 197-202). IEEE. 
Asadi, M. R., Askarian Abyaneh, H., Mahmoodan, M., Naghizadeh, R. A., & Koochaki, A. 
(2008, May). Optimal Overcurrent relays coordination using genetic algorithm. 
In Optimization of Electrical and Electronic Equipment, 2008. OPTIM 2008. 11th 
International Conference on (pp. 197-202). IEEE. 
Askarian, H., Mohammadi, R., Razavi, F., Khoddami, M., & Torkaman, H. (2007). A New 
Genetic Algorithm Method for Overcurrent Relays and Fuses Coordination. 
Evaluation, 2(2), 2. 
 68 
 
Bajánek, T. (2015). Instantaneous and Definite Time Overcurrent Protection Algorithms. In 
Proceedings of the 21st Conference STUDENT EEICT 2015. Vysoké učení 
technické v Brně, Fakulta elektrotechniky a komunikačních technologií. 
Bansal, J. C., & Deep, K. (2008, September). Optimization of directional overcurrent relay 
times by particle swarm optimization. In Swarm Intelligence Symposium, 2008. SIS 
2008. IEEE (pp. 1-7). IEEE. 
Barzegari, M., Bathaee, S. M. T., & Alizadeh, M. (2010, May). Optimal coordination of 
directional overcurrent relays using harmony search algorithm. In Environment 
and Electrical Engineering (EEEIC), 2010 9th International Conference on (pp. 
321-324). IEEE. 
Bashir, M., Taghizadeh, M., Sadeh, J., & Mashhadi, H. R. (2010, October). A new hybrid 
particle swarm optimization for optimal coordination of over current relay. In 
Power System Technology (POWERCON), 2010 International Conference on (pp. 
1-6). IEEE. 
Bauschke, S., Obkircher, C., Achleitner, G., Fickert, L., & Sakulin, M. (2006, September). 
Improved protection system for electrical components in wind energy plants. In 
15th International Conference on Power System Protection, PSP. 
Bedekar, P. P., & Bhide, S. R. (2011). Optimum coordination of directional overcurrent 
relays using the hybrid GA-NLP approach. Power Delivery, IEEE Transactions 
on, 26(1), 109-119. 
Bedekar, P. P., & Bhide, S. R. (2011). Optimum coordination of overcurrent relay timing 
using continuous genetic algorithm. Expert Systems with Applications, 38(9), 
11286-11292. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2009). Optimum time coordination of 
overcurrent relays in distribution system using Big-M (Penalty) method. WSEAS 
Trans. on Power Systems, 4(11), 341-350. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2009). Optimum time coordination of 
overcurrent relays using two phase simplex method. World Academy of Science, 
Engineering and Technology, 52, 1110-1114. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2009, December). Optimum coordination of 
overcurrent relays in distribution system using genetic algorithm. In Power 
Systems, 2009. ICPS'09. International Conference on (pp. 1-6). IEEE. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2009, December). Optimum coordination of 
overcurrent relays in distribution system using dual simplex method. In Emerging 
Trends in Engineering and Technology (ICETET), 2009 2nd International 
Conference on (pp. 555-559). IEEE. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2009, June). Coordination of overcurrent relays 
in distribution system using linear programming technique. InControl, Automation, 
 69 
 
Communication and Energy Conservation, 2009. INCACEC 2009. 2009 
International Conference on (pp. 1-4). IEEE. 
Bedekar, P. P., Bhide, S. R., & Kale, V. S. (2011, May). Determining optimum TMS and 
PS of overcurrent relays using linear programming technique. In Electrical 
Engineering/Electronics, Computer, Telecommunications and Information 
Technology (ECTI-CON), 2011 8th International Conference on (pp. 700-703). 
IEEE. 
Bingul, Z. (2007). Adaptive genetic algorithms applied to dynamic multiobjective 
problems. Applied Soft Computing, 7(3), 791-799. 
Birla, D., Maheshwari, R. P., & Gupta, H. O. (2005). Time-overcurrent relay coordination: 
A review. International Journal of Emerging Electric Power Systems,2(2). 
Blackburn, J. L., & Domin, T. J. (2006). Protective relaying: principles and applications. 
CRC press. 
Chabanloo, R. M., Abyaneh, H. A., Kamangar, S. S. H., & Razavi, F. (2008, December). A 
new genetic algorithm method for optimal coordination of overcurrent and distance 
relays considering various characteristics for overcurrent relays. In Power and 
Energy Conference, 2008. PECon 2008. IEEE 2nd International (pp. 569-573). 
IEEE. 
Chabanloo, R. M., Abyaneh, H. A., Kamangar, S. S. H., & Razavi, F. (2011). Optimal 
Combined Overcurrent and Distance Relays Coordination Incorporating Intelligent 
Overcurrent Relays Characteristic Selection. Power Delivery, IEEE Transactions 
on, 26(3), 1381-1391. 
Chatterjee, A., Maitra, M., & Goswami, S. K. (2009). Classification of overcurrent and 
inrush current for power system reliability using Slantlet transform and artificial 
neural network. Expert Systems with Applications, 36(2), 2391-2399. 
Chaudhari, V. S., Upadhyay, V. J., & Ahemedabad, G. (2011). Coordination of overcurrent 
relay in interconnected power system protection. In National Conference on 
Recent Trends in Engineering & Technology. 
Chaudhary, S. K., Teodorescu, R., Rodriguez, P., & Kjær, P. C. Over-current Relay 
Coordination for the Protection of Offshore Wind Power Grid with HVDC 
Connection. Available at proceedings. ewea. org/annual2012/.../1136_EWEA 2012 
presentation. 
Chelliah, T. R., Thangaraj, R., Allamsetty, S., & Pant, M. (2014). Coordination of 
directional overcurrent relays using opposition based chaotic differential evolution 
algorithm. International Journal of Electrical Power & Energy Systems, 55, 341-
350. 
Chen, B., Shrestha, A., Ituzaro, F. A., & Fischer, N. (2015, March). Addressing protection 
challenges associated with Type 3 and Type 4 wind turbine generators. In 
 70 
 
Protective Relay Engineers, 2015 68th Annual Conference for (pp. 335-344). 
IEEE. 
Chen, C. R., Lee, C. H., & Chang, C. J. (2013). Optimal overcurrent relay coordination in 
power distribution system using a new approach. International Journal of 
Electrical Power & Energy Systems, 45(1), 217-222. 
Chu, S., & Majumdar, A. (2012). Opportunities and challenges for a sustainable energy 
future. nature, 488(7411), 294-303. 
Coello, C. A. C., Van Veldhuizen, D. A., & Lamont, G. B. (2002). Evolutionary algorithms 
for solving multi-objective problems (Vol. 242). New York: Kluwer Academic. 
Deep, K., & Bansal, J. C. (2009, December). Optimization of directional overcurrent relay 
times using Laplace Crossover Particle Swarm Optimization (LXPSO). In Nature 
& Biologically Inspired Computing, 2009. NaBIC 2009. World Congress on (pp. 
288-293). IEEE. 
Dincer, I. (2000). Renewable energy and sustainable development: a crucial 
review.Renewable and Sustainable Energy Reviews, 4(2), 157-175. 
Eiben, A. E., & Smith, J. E. (2003). Introduction to evolutionary computing. Springer. 
El Itani, S., & Joós, G. (2012). Advanced wind generator controls: meeting the evolving 
grid interconnection requirements. INTECH Open Access Publisher. 
Ezzeddine, M., & Kaczmarek, R. (2011). A novel method for optimal coordination of 
directional overcurrent relays considering their available discrete settings and 
several operation characteristics. Electric Power Systems Research, 81(7), 1475-
1481. 
Geethanjali, M., & Raja Slochanal, S. M. (2008). A combined adaptive network and fuzzy 
inference system (ANFIS) approach for overcurrent relay system. 
Neurocomputing, 71(4), 895-903. 
Gen, M., & Cheng, R. (2000). Genetic algorithms and engineering optimization (Vol. 7). 
John Wiley & Sons. 
Gers, J. M., Holmes, E. J., & Holmes, E. J. (2005, July). Protection of electricity 
distribution networks. Institution of Electrical Engineers. 
Gholinezhad, J., Mazlumi, K., & Farhang, P. (2011, May). Overcurrent relay coordination 
using MINLP technique. In Electrical Engineering (ICEE), 2011 19th Iranian 
Conference on (pp. 1-6). IEEE. 
Goh, Y. L., Ramasamy, A. K., Nagi, F. H., & Abidin, A. A. Z. (2011). DSP based 
overcurrent relay using fuzzy bang–bang controller. Microelectronics 
Reliability,51(12), 2366-2373. 
 71 
 
Goh, Y. L., Ramasamy, A. K., Nagi, F. H., & Zainul Abidin, A. A. (2013). DSP based 
fuzzy and conventional overcurrent relay controller comparisons. Microelectronics 
Reliability. 
Hakimi-Asiabar, M., Ghodsypour, S. H., & Kerachian, R. (2010). Deriving operating 
policies for multi-objective reservoir systems: application of self-learning genetic 
algorithm. Applied Soft Computing, 10(4), 1151-1163. 
Haslam, S. J., Crossley, P. A., & Jenkins, N. (1999, January). Design and evaluation of a 
wind farm protection relay. In Generation, Transmission and Distribution, IEE 
Proceedings- (Vol. 146, No. 1, pp. 37-44). IET. 
Heier, S. (2014). Grid integration of wind energy. John Wiley & Sons. 
Hewitson, L., Brown, M., & Balakrishnan, R. (2004). Practical power system protection. 
Access Online via Elsevier. 
Hornak, D., & Chau, N. H. J. (2004). Green power-wind generated protection and control 
considerations. In Protective Relay Engineers, 2004 57th Annual Conference for 
(pp. 110-131). IEEE. 
Horowitz, S. H., & Phadke, A. G. (2008). Power system relaying (Vol. 22). Wiley. com. 
Houck, C. R., Joines, J., & Kay, M. G. (1995). A genetic algorithm for function 
optimization: a Matlab implementation. NCSU-IE TR, 95(09). 
Hussain, M. H., Musirin, I., Rahim, S. R. A., & Abidin, A. F. Computational Intelligence 
Based Technique in Optimal Overcurrent Relay Coordination: A Review. 
Hussain, M. H., Rahim, S. R. A., & Musirin, I. (2013). Optimal Overcurrent Relay 
Coordination: A Review. Procedia Engineering, 53, 332-336. 
Jenkins, L., Khincha, H. P., Shivakumar, S., & Dash, P. K. (1992). An application of 
functional dependencies to the topological analysis of protection schemes. Power 
Delivery, IEEE Transactions on, 7(1), 77-83. 
Johnson, J. M., & Rahmat-Samii, V. (1997). Genetic algorithms in engineering 
electromagnetics. Antennas and Propagation Magazine, IEEE, 39(4), 7-21. 
Kamangar, S., Abyaneh, H. A., Chabanloo, R. M., & Razavi, F. (2009, June). A new 
genetic algorithm method for optimal coordination of overcurrent and earth fault 
relays in networks with different levels of voltages. In PowerTech, 2009 IEEE 
Bucharest (pp. 1-5). IEEE. 
Karegar, H. K., Abyaneh, H. A., & Al-Dabbagh, M. (2003). A flexible approach for 
overcurrent relay characteristics simulation. Electric Power Systems 
Research,66(3), 233-239. 
Kavehnia, F., Seifi, H., Keivani, H., & Askari, M. R. (2006, September). Optimal 
coordination of directional over current relays in power system using genetic 
 72 
 
algorithm. In Universities Power Engineering Conference, 2006. UPEC'06. 
Proceedings of the 41st International (Vol. 3, pp. 824-827). IEEE. 
Kawady, T. A., Mansour, N., & Taalab, A. (2008, July). Performance evaluation of 
conventional protection systems for wind farms. In Power and Energy Society 
General Meeting-Conversion and Delivery of Electrical Energy in the 21st 
Century, 2008 IEEE (pp. 1-7). IEEE. 
Kawady, T. A., Mansour, N., & Taalab, A. (2009, July). Evaluating the role of current 
limiting fuses for wind farm protection applications. In Power & Energy Society 
General Meeting, 2009. PES'09. IEEE (pp. 1-7). IEEE. 
Kawady, T., Feltes, C., Erlich, I., & Taalab, A. I. (2010, July). Protection system behavior 
of DFIG based wind farms for grid-faults with practical considerations. InPower 
and Energy Society General Meeting, 2010 IEEE (pp. 1-6). IEEE. 
Kawady, T., Mansour, N., Osheiba, A., & Taalab, A. M. (2008, March). Dynamic modeling 
of Al-Zaafarana wind farm for protection applications. In Power System 
Conference, 2008. MEPCON 2008. 12th International Middle-East (pp. 277-281). 
IEEE. 
Kawahara, K., Sasaki, H., Kubokawa, J., Kitagawa, M., & Sugihara, H. (1995). Expert 
system for designing transmission line protection system. International Journal of 
Electrical Power & Energy Systems, 17(1), 69-78. 
Koochaki, A., Asadi, M. R., Mahmoodan, M., & Naghizadeh, R. A. (2008). Optimal 
overcurrent relays coordination using genetic algorithm. Optim. Of Electrical and 
Eletronic Equip, 197-202. 
Levitin, G., Mazal-Tov, S., & Elmakis, D. (1994). Optimal sectionalizer allocation in 
electric distribution systems by genetic algorithm. Electric Power Systems 
Research, 31(2), 97-102. 
Liu, A., & Yang, M. T. (2012, June). Optimal Coordination of Directional Overcurrent 
Relays Using NM-PSO Technique. In Computer, Consumer and Control (IS3C), 
2012 International Symposium on (pp. 678-681). IEEE. 
Mansour, M. M., Mekhamer, S. F., & El-Kharbawe, N. S. (2007). A modified particle 
swarm optimizer for the coordination of directional overcurrent relays. Power 
Delivery, IEEE Transactions on, 22(3), 1400-1410. 
Mason, C. R. (1956). The art and science of protective relaying. Wiley. 
Mohammadi, R., Abyaneh, H. A., Rudsari, H. M., Fathi, S. H., & Rastegar, H. (2011). 
Overcurrent relays coordination considering the priority of constraints. Power 
Delivery, IEEE Transactions on, 26(3), 1927-1938. 
Mohd, A., Ortjohann, E., Schmelter, A., Hamsic, N., & Morton, D. (2008, June). 
Challenges in integrating distributed energy storage systems into future smart grid. 
 73 
 
In Industrial Electronics, 2008. ISIE 2008. IEEE International Symposium on (pp. 
1627-1632). IEEE. 
Moirangthem, J., Krishnanand, K. R., & Saranjit, N. (2011, December). Optimal 
coordination of overcurrent relay using an enhanced discrete differential evolution 
algorithm in a distribution system with DG. In Energy, Automation, and Signal 
(ICEAS), 2011 International Conference on (pp. 1-6). IEEE. 
Moravej, Z., Jazaeri, M., & Gholamzadeh, M. (2012). Optimal coordination of distance and 
over-current relays in series compensated systems based on MAPSO. Energy 
Conversion and Management, 56, 140-151. 
Mousavi Motlagh, S. H., & Mazlumi, K. (2014). Optimal Overcurrent Relay Coordination 
Using Optimized Objective Function. ISRN Power Engineering, 2014. 
Nair, D. S., & Reshma, S. (2013, February). Optimal coordination of protective relays. In 
Power, Energy and Control (ICPEC), 2013 International Conference on(pp. 239-
244). IEEE. 
Negnevitsky, M. (2011). Artificial Intelligence: A Guide to Intelligent Systems Third 
Edition. 
Noghabi, A. S., Sadeh, J., & Mashhadi, H. R. (2009). Considering different network 
topologies in optimal overcurrent relay coordination using a hybrid GA. Power 
Delivery, IEEE Transactions on, 24(4), 1857-1863. 
Oduguwa, V., Tiwari, A., & Roy, R. (2005). Evolutionary computing in manufacturing 
industry: an overview of recent applications. Applied Soft Computing, 5(3), 281-
299. 
Panwar, N. L., Kaushik, S. C., & Kothari, S. (2011). Role of renewable energy sources in 
environmental protection: a review. Renewable and Sustainable Energy 
Reviews, 15(3), 1513-1524. 
Pilo, F., Soma, G. G., Ruggeri, S., & Celli, G. (2012, April). Optimal protection devices 
allocation and coordination in MV distribution networks. In Developments in 
Power Systems Protection, 2012. DPSP 2012. 11th International Conference on 
(pp. 1-6). IET. 
Qureshi, W. A., & Nair, N. K. C. (2014). Wind Farm Protection. In Large Scale Renewable 
Power Generation (pp. 311-329). Springer Singapore. 
Rao, S. S., & Rao, S. S. (2009). Engineering optimization: theory and practice. John Wiley 
& Sons. 
Raphael, B., & Smith, I. F. C. (2003). A direct stochastic algorithm for global search. 
Applied Mathematics and computation, 146(2), 729-758. 
 74 
 
Razavi, F., Abyaneh, H. A., Al-Dabbagh, M., Mohammadi, R., & Torkaman, H. (2008). A 
new comprehensive genetic algorithm method for optimal overcurrent relays 
coordination. Electric Power Systems Research, 78(4), 713-720. 
Reichard, M. L., Finney, D., & Garrity, J. T. (2007, March). Windfarm System Protection 
Using Peer-to-Peer Communications. In Protective Relay Engineers, 2007. 60th 
Annual Conference for (pp. 511-521). IEEE. 
Rodporn, S., Uthitsunthorn, D., Kulworawanichpong, T., Oonsivilai, R., & Oonsivilai, A. 
(2012, May). Optimal coordination of over-current relays using differential 
evolution. In Electrical Engineering/Electronics, Computer, Telecommunications 
and Information Technology (ECTI-CON), 2012 9th International Conference 
on(pp. 1-4). IEEE. 
Sadeh, J., Aminotojari, V., & Bashir, M. (2011, May). Optimal coordination of overcurrent 
and distance relays with hybrid genetic algorithm. In Environment and Electrical 
Engineering (EEEIC), 2011 10th International Conference on (pp. 1-5). IEEE. 
Shen, C., Wang, L., & Li, Q. (2007). Optimization of injection molding process parameters 
using combination of artificial neural network and genetic algorithm method. 
Journal of Materials Processing Technology, 183(2), 412-418. 
Shi, X. H., Wan, L. M., Lee, H. P., Yang, X. W., Wang, L. M., & Liang, Y. C. (2003, 
November). An improved genetic algorithm with variable population-size and a 
PSO-GA based hybrid evolutionary algorithm. In Machine Learning and 
Cybernetics, 2003 International Conference on (Vol. 3, pp. 1735-1740). IEEE. 
Singh, D. K., & Gupta, S. (2012, March). Optimal coordination of directional overcurrent 
relays: A genetic algorithm approach. In Electrical, Electronics and Computer 
Science (SCEECS), 2012 IEEE Students' Conference on (pp. 1-4). IEEE. 
Singh, D. K., & Gupta, S. (2012, March). Use of genetic algorithms (GA) for optimal 
coordination of directional over current relays. In Engineering and Systems 
(SCES), 2012 Students Conference on (pp. 1-5). IEEE. 
Singh, M., Panigrahi, B. K., & Abhyankar, A. R. (2011). Optimal overcurrent relay 
coordination in distribution system. In Proceedings-2011 International Conference 
on Energy, Automation and Signal, ICEAS-2011 (pp. 822-827). 
Singh, M., Panigrahi, B. K., & Abhyankar, A. R. (2011, December). Optimal overcurrent 
relay coordination in distribution system. In Energy, Automation, and Signal 
(ICEAS), 2011 International Conference on (pp. 1-6). IEEE. 
Singh, M., Panigrahi, B. K., Abhyankar, A. R., & Das, S. (2013). Optimal Coordination of 
Directional over-current Relays using Informative Differential Evolution 
Algorithm. Journal of Computational Science. 
Sivanandam, S. N., & Deepa, S. N. (2008). Genetic Algorithm Optimization Problems (pp. 
165-209). Springer Berlin Heidelberg. 
 75 
 
Smolleck, H. A. (1979). A simple method for obtaining feasible computational models for 
the time-current characteristics of industrial power-system protective devices. 
Electric Power Systems Research, 2(1), 65-69. 
So, C. W., & Li, K. K. (2000). Overcurrent relay coordination by evolutionary 
programming. Electric Power Systems Research, 53(2), 83-90. 
So, C. W., & Li, K. K. (2002, October). Protection relay coordination on ring-fed 
distribution network with distributed generations. In TENCON'02. Proceedings. 
2002 IEEE Region 10 Conference on Computers, Communications, Control and 
Power Engineering (Vol. 3, pp. 1885-1888). IEEE. 
So, C. W., Li, K. K., Lai, K. T., & Fung, K. Y. (1997). Application of genetic algorithm for 
overcurrent relay coordination. 
Souza Jr, F. C., & de Souza, B. A. Optimal coordination of mixed scheme protection using 
Genetic Algorithm. 
Sueiro, J. A., Diaz-Dorado, E., Míguez, E., & Cidrás, J. (2012). Coordination of directional 
overcurrent relay using evolutionary algorithm and linear programming. 
International Journal of Electrical Power & Energy Systems, 42(1), 299-305. 
Trecat, J., & Jianping, W. (1991). An expert system for distribution substation fault 
diagnosis and backup protection. International Journal of Electrical Power & 
Energy Systems, 13(6), 303-307. 
Urdaneta, A. J., Nadira, R., & Perez Jimenez, L. G. (1988). Optimal coordination of 
directional overcurrent relays in interconnected power systems. Power Delivery, 
IEEE Transactions on, 3(3), 903-911. 
Uthitsunthorn, D., & Kulworawanichpong, T. (2010, June). Optimal overcurrent relay 
coordination using genetic algorithms. In Advances in Energy Engineering 
(ICAEE), 2010 International Conference on (pp. 162-165). IEEE. 
Uthitsunthorn, D., Pao-La-Or, P., & Kulworawanichpong, T. (2011, May). Optimal 
overcurrent relay coordination using artificial bees colony algorithm. In Electrical 
Engineering/Electronics, Computer, Telecommunications and Information 
Technology (ECTI-CON), 2011 8th International Conference on (pp. 901-904). 
IEEE. 
WANG, Y., YIN, X., ZHAO, Y., & ZHANG, Z. (2008). Regional Power Network 
Intelligent Protection Based on Genetic Algorithm [J]. Automation of Electric 
Power Systems, 17, 012. 
Wen, F., & Chang, C. S. (1998). A new approach to fault diagnosis in electrical distribution 
networks using a genetic algorithm. Artificial Intelligence in Engineering, 12(1), 
69-80. 
 76 
 
Yang, H., Wen, F., & Ledwich, G. (2011). Optimal coordination of overcurrent relays in 
distribution systems with distributed generators based on differential evolution 
algorithm. European Transactions on Electrical Power. 
Yang, J., Fletcher, J. E., & O'Reilly, J. (2010). Multiterminal DC wind farm collection grid 
internal fault analysis and protection design. Power Delivery, IEEE Transactions 
on, 25(4), 2308-2318. 
Zayandehroodi, H., Mohamed, A., Shareef, H., & Farhoodnea, M. (2012). A novel neural 
network and backtracking based protection coordination scheme for distribution 
system with distributed generation. International Journal of Electrical Power & 
Energy Systems, 43(1), 868-879. 
Zeineldin, H. H., El-Saadany, E. F., & Salama, M. M. A. (2006). Optimal coordination of 
overcurrent relays using a modified particle swarm optimization. Electric Power 
Systems Research, 76(11), 988-995. 
  
 90 
 
BIODATA OF STUDENT 
 
 
Nima Rezaei was born in Shiraz, Iran, on July 26, 1990. He received the B.S degree 
from Science and Research of Fars University in 2012 and he is currently pursuing 
M.S. Degree in Electrical Power Engineering at Universiti Putra Malaysia (UPM), in 
Malaysia. His field of interest includes Electrical Power Protection Systems, Wind 
Power Plants Protection System Design and Calculation, Optimization Tools using 
Artificial Intelligence, Renewable Energies and Electrical Power Engineering. 
 
 
He has published several papers in international journals and conferences with the 
research emphasis on wind power plants protection using overcurrent relay, 
Coordination of overcurrent relays, Optimizing overcurrent relay coordination using 
Genetic Algorithm Artificial Intelligence approach, power quality and electrical power 
protection system improvement. In the course of his master, one of his papers won ―the 
best student paper award‖ during ―PEcon IEEE conference‖. Moreover during 
international conference in South Korea, one of his papers was selected as ―one of the 
most outstanding papers‖. 
  
 91 
 
LIST OF PUBLICATIONS 
 
 
Rezaei, N.; Othman, M. L.; Wahab, N. I. A.; Hizam, H.; Maghami, M. R.; 
Hajighorbani, S.; & Olufemi, O. E. (2014). Optimal Coordination of Overcurrent 
Relays in Power Systems Protection: A Review. Jökull Journal, 64(4). 
 
Rezaei, N.; Othman, M. L.; Wahab, N. I. A.; Hizam, H.; & Olufemi, O. E. (2014). 
Wind Power Plants Protection Using Overcurrent Relays. Universal Journal of 
Electrical and Electronic Engineering Vol. 2(8), pp. 311 – 319. 
 
Rezaei, N.; Othman, M. L.; Wahab, N. I. A. & Hizam, H. (2014). Coordination of 
Overcurrent Relays Protection Systems for Wind Power Plants.  In Power and 
Energy (PECon), 2014 IEEE International Conference on (pp. 394-399). 
 
Rezaei, N.; Othman, M. L.; Wahab, N. I. A. & Hizam, H & Moazami, A. (2015). 
Optimal Coordination of Overcurrent Relays in Power Systems Protection using 
Genetic Algorithm Approach. Asian Academic Research Associates (AARA). 
Vol.2(2),pp. 404 – 431. 
 
 
UNIVERSITI PUTRA MALAYSIA 
 
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT 
 
ACADEMIC SESSION :  
 
 
TITLE OF THESIS / PROJECT REPORT : 
 
OPTIMAL OVERCURRENT RELAY COORDINATION IN WIND FARM USING GENETIC 
ALGORITHM 
 
 
NAME OF STUDENT :  NIMA REZAEI 
 
I acknowledge that the copyright and other intellectual property in the thesis/project report 
belonged to Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at 
the library under the following terms: 
 
1. This thesis/project report is the property of Universiti Putra Malaysia. 
 
2. The library of Universiti Putra Malaysia has the right to make copies for educational 
purposes only. 
 
3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic 
exchange. 
 
I declare that this thesis is classified as : 
 
*Please tick (√ ) 
 
CONFIDENTIAL (Contain confidential information under Official Secret  
Act 1972). 
 
RESTRICTED (Contains restricted information as specified by the  
organization/institution where research was done). 
 
OPEN ACCESS I agree that my thesis/project report to be published  
as hard copy or online open access. 
 
This thesis is submitted for : 
 
PATENT Embargo from_____________ until ______________  
(date) (date) 
 
Approved by: 
 
 
_____________________ _________________________________________  
(Signature of Student) (Signature of Chairman of Supervisory Committee)  
New IC No/ Passport No.: Name: 
 
Date : Date : 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from 
the organization/institution with period and reasons for confidentially or restricted. ] 
